Chemotherapy with oxazaphosphorines, such as cyclophosphamide (CYP), is often limited by unacceptable urotoxicity. Without uroprotection, hemorrhagic cystitis (HC) becomes dose-limiting. To compare the uroprotective efficacy of classical 2-mercaptoethanesulfonic acid (Mesna) treatment with dexamethasone in CYP-induced HC, male Wistar rats (150-200 g; N = 6 in each group) were treated with saline or Mesna (40 mg/kg, ip) immediately and 4 and 8 h after ip administration of CYP (200 mg/kg). One, 2 or 3 doses of Mesna were replaced with dexamethasone (1 mg/kg, ip). The animals were sacrificed 24 h later. Cystitis was evaluated by determining the changes in bladder wet weight (BWW) and by macroscopic and microscopic analysis. CYP treatment induced a marked increased in BWW (162%, P<0.05), which was significantly inhibited by treatment with 3 doses of Mesna (P<0.05; 80%). The replacement of 1 or 2 doses of Mesna with dexamethasone reduced the increase in BWW by 83.3 and 95%, respectively. Macroscopic analysis of the bladder of rats with CYPinduced HC showed severe edema and hemorrhage, confirmed by microscopic analysis, that also showed mucosal erosion, inflammatory cell infiltration and ulcerations. The replacement of 1 or 2 doses of Mesna with dexamethasone inhibited the CYP-induced increase in BWW and almost abolished the macroscopic and microscopic alterations, with no significant difference between the effects of Mesna and dexamethasone, indicating that both drugs were efficient in blocking HC. However, although the replacement of all Mesna doses with dexamethasone reduced the edema, it did not prevent HC, suggesting that Mesna is necessary for the initial uroprotection.
Cyclophosphamide (CYP), a cytotoxic alkylating agent, is used in chemotherapeutic regimens of lymphoproliferative disorders, certain solid tumors, and non-neoplastic diseases such as nephrotic syndrome, systemic lupus erythematosus and rheumatoid arthritis (1) . Hemorrhagic cystitis is a known adverse effect of this drug and may be the limiting factor in its use (2, 3) . In the absence of adequate uroprotection, the incidence of this side effect of CYP therapy varies from 2 to 40% in patients taking low doses of CYP on a long-term basis (4) . Mortality has been reported to be 2 to 4% in patients with massive hemorrhage, who were treated with a high dose of intravenous CYP (5) . The cause of bladder damage appears to be related to acrolein, a urotoxic metabolite of CYP. It has been proposed that urothelial damage occurs by direct contact with acrolein, which causes edema, ulceration, neovascularization, hemorrhage, and necrosis (6) .
Mesna (2-mercaptoethanesulfonic acid), a thiol compound, entered clinical trials as a systemic uroprotective agent in the late 1970s, becoming the drug of choice for this purpose within a short period of time (7) . The administration of systemic Mesna results in regional detoxication of the urinary system (8, 9) . The interaction between acrolein and Mesna results in an inactive compound (10) . Thus, Mesna is indicated to prevent the occurrence of hemorrhagic cystitis, but is not effective when the lesion has been established.
Over the last few years, our laboratory has been dedicated to the study of inflammatory mediators involved in the pathogenesis of experimental cyclophosphamide and ifosfamideinduced hemorrhagic cystitis. We demonstrated that cytokines like TNF-a and IL-1 were crucial mediators involved in these inflammatory events and also in urothelial damage and hemorrhage (11) . An important contribution to this issue by our group was our recent demonstration that nitric oxide (NO) is the final mediator of urothelial damage and hemorrhage in cystitis (12) . In addition, we have demonstrated that the administration of whole anti-TNF-a serum significantly decreased the CYP-induced vesical edema as well as the rise in inducible NOS activity. The induction of NOS in the inflamed bladder appears to require the action of TNF-a and platelet-activating factor (PAF) (11, 12) .
Glucocorticoids are potent inhibitors of the synthesis of cytokines like TNF-a and IL-1, PAF and NOS-inducible expression (13) . Thus, the aim of the present study was to investigate the effects of dexamethasone in CYP-induced hemorrhagic cystitis and thus propose an alternative posologic regimen of lower cost compared to the use of Mesna in the prevention of this type of cystitis.
Six groups of six male Wistar rats weighing 150-200 g were used in the experiments. The animals were kept in appropriate boxes with water and food ad libitum. The animals received an ip injection of saline or CYP (Genuxal â , 200 mg/kg; Asta Medica, AG Frankfurt, Germany) and were then treated with saline or Mesna (Mitexan â 200, 40 mg/ kg, ip; Asta Medica) at the same time and 4 and 8 h after CYP. In the other experimental groups, 1, 2 or 3 doses of Mesna were replaced with dexamethasone (Decadron â , 1 mg/kg, ip; Prodrome Química & Farmacêu-tica Ltda., São Paulo, SP, Brazil). The animals were sacrificed 24 h after the administration of cyclophosphamide and their bladders were removed by careful dissection.
Bladders were excised, freed from surrounding connective tissue, and examined grossly for edema and hemorrhage. Histological examination was performed by a pathologist in a single-blind fashion. Edema, bleeding, and histological changes were evaluated according to the criteria of Gray et al. (14) as follows: edema was considered severe (3+) when fluid was seen externally and internally on the walls of the bladder, moderate (2+) when confined to the internal mucosa, mild (1+) when normal to moderate, and absent (0). Hemorrhage was scored as follows: 3+, intravesical clots; 2+, mucosal hematomas; 1+, telangiectasia or dilatation of the bladder vessels; 0, normal. Histopathology was scored as follows: 0, normal epithelium and absence of inflammatory cell infiltration and ulceration; 1, mild changes involving reduction of epithelial cells, flattening with submucosal edema, mild hemorrhage, and few ulcerations; 2, severe changes including mucosal erosion, inflammatory cell infiltration, fibrin deposition, hemorrhage, and multiple ulcerations.
Bladder wet weight (reported as the mean ± SEM/100 g body weight) and macroscopic and microscopic observations (reported as medians and range) of the bladders were used to evaluate the effects of the drugs. For the analysis of bladder wet weight, data were assessed by analysis of variance (ANOVA) followed by Bonferronis test. For macroscopic and microscopic analysis, we used the Kruskal Wallis and Mann-Whitney tests to compare medians. P<0.05 was considered significant. Intraperitoneal injection of CYP (200 mg/ kg) induced a marked increase in bladder wet weight 24 h after its administration (162% compared to control group, P<0.05). CYPevoked increase in bladder wet weight was significantly inhibited by treatment of rats with 3 doses of Mesna (80% reduction), as well as by the replacement of 1 or 2 doses of Mesna with dexamethasone (83.3 and 95% reduction, respectively) ( Figure 1 ). There was no significant difference between the effects of these 3 different approaches. However, the replacement of all Mesna doses with dexamethasone did not prevent the increase in bladder wet weight.
Cystitis observed 24 h after CYP administration was characterized macroscopically by the presence of severe edema, receiving a score of 3 (2-3), and by marked hemorrhage with mucosal hematomas and intravesical clots, receiving a score of 3 (2-3), being significantly (P<0.05) different from the control group which received a score of 0 (0-0) for edema and hemorrhage. Treatment with Mesna alone or in combination with 1 or 2 doses of dexamethasone, but not dexamethasone alone, significantly reduced the intensity of cystitis (P<0.05), as indicated by the scores in Table 1 .
According to Grays histopathological criteria, 24 h after CYP administration there was histological evidence of cystitis: extensive mucosal erosion with ulceration, fibrin deposition, hemorrhage, edema, and leukocyte infiltration, receiving a score of 2 (2-2) ( Figure 2B ). These alterations were almost 
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Macroscopic analysis Macroscopic analysis Microscopic analysis (edema) (hemorrhage) indicating that dexamethasone could be a useful tool when combined with Mesna in the preventive management of CYP-induced hemorrhagic cystitis. In agreement with these data, it was recently reported that patients using corticosteroid as an immunosuppressor, combined with cyclophosphamide in the treatment of systemic lupus erythematosus, have a low incidence of hemorrhagic cystitis (15) . Previous data from our laboratory have demonstrated that cytokines like TNF-a, IL-1, NO and PAF were crucial mediators involved in these inflammatory events and also in the urothelial damage and hemorrhage. Thus, the present results showing that dexamethasone inhibits CYP-induced hemorrhagic cystitis could be explained by potent effect of the corticoid as an inhibitor of the synthesis of cytokines like TNF-a and IL-1, PAF and of NOS-inducible expression. It is important to note that Mesna seems to be necessary for the initial uroprotection through its neutralizing effect on urothelial damage initiated by acrolein, while dexamethasone may be inhibiting the mediators of the inflammatory process that follows.
The advantage of this alternative posologic regimen is lower cost and the fact that dexamethasone is already routinely used as a standard component of antiemetic regimens for numerous cancer chemotherapy protocols (16) and as an immunosuppressor in autoimmune diseases like systemic lupus erythematosus (15) . Thus, dexamethasone could be tested in clinical trials as a substitute of the two last doses of Mesna for the inhibition of CYPinduced hemorrhagic cystitis.
